Reliance on prescription opioids for postprocedural analgesia has contributed to the opioid epidemic. With the implementation of electronic medical record (EMR) systems, there has been increasing use of computerized order entry systems for medication prescriptions, which is now more common than handwritten prescriptions. The EMR can autopopulate a default number of pills prescribed, and 1 potential method to alter prescriber behavior is to change the default number presented via the EMR system. OBJECTIVE To investigate the association of lowering the default number of pills presented when prescribing opioids in an EMR system with the amount of opioid prescribed after procedures.
T he reliance on prescription opioids for analgesia has contributed to the rise in opioid dependency. [1] [2] [3] Prior emphasis on pain control, such as using pain as a "fifth vital sign" 4 and tying reimbursement to patient satisfaction with analgesia, 5 helped to establish a medical culture that led to a high use of opioid analgesics and fueled the current epidemic. This is particularly true in procedural fields where prescribers attempt to balance control of surgical pain with the risks of overprescribing opioids. Unfortunately, physicians too often rely on opioids for postoperative analgesia; the results of a recent study 6 showed that more than one-third of prescriptions written by surgeons are for opioids. Furthermore, when health care professionals prescribe opioids after procedures, they do so in quantities exceeding the needs of most patients, and 67% to 92% of surgical patients have remaining unused opioids after their recovery. 7 This is a potentially dangerous scenario because access to excess opioids can lead to unintended consequences, such as chronic addiction, 2 nonmedical abuse, 8 and unintentional overdoses. 9 There have been numerous attempts to change the culture of overprescribing opioids among prescribers. Strategies like creating guidelines and educating health care professionals on more judicious prescribing practices have demonstrated variable success. [10] [11] [12] While the amount of opioid prescribed has been slowly decreasing nationally, it still remains alarmingly high, indicating that additional methods to decrease the overprescription of opioids are needed.
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One potential avenue to help alter prescriber behavior is through the use of computerized clinician order entry systems within electronic medical record (EMR) systems. Specifically, prescriptions for opioids written through an EMR can autopopulate with a default number of pills to prescribe. Altering the default option presented to clinicians has the potential to change prescribing behavior by resetting prescribers' beliefs about the amount of opioid needed. It also means that health care professionals have to actively increase the amount of opioid prescribed if they believe that it is necessary; this is similar in concept to "opt out" strategies that have been used to successfully alter behaviors in a diverse set of environments, ranging from enrolling in retirement benefits 14 to signing up as an organ donor. 15 In this study, we evaluated the association of lowering the default number of opioid pills prescribed at discharge via an EMR system with the amount of postprocedural opioid prescribed throughout a large health system.
Methods

Intervention
On May 18, 2017, the Yale New Haven Health System in New Haven, Connecticut (comprising 5 hospitals with a unified EMR system) lowered the default number of pills on all electronic opioid prescriptions from 30 to 12. This new default was applied to pill formulations of all medications that contained codeine, hydrocodone, hydromorphone hydrochloride, morphine sulfate, oxycodone, or tramadol hydrochloride. The updated default of 12 pills was considered an amount that could alter prescriber behavior while remaining sufficient for most postprocedural analgesia based on clinical experience and available evidence suggesting that 10 to 15 opioid pills would be sufficient for most operations. 16 Although default prescriptions were changed, health care professionals could still alter the number of pills prescribed to any amount deemed necessary. An educational session on the default change was provided to the Department of Surgery at Yale University (New Haven, Connecticut) during a grand rounds session on the opioid epidemic and on strategies for reducing opioid overprescribing. The study was approved by the Yale University Human Investigations Committee, with need for informed consent waived.
Study Design
A prepost intervention study was conducted to compare prescribing patterns during the 3 months before the EMR default opioid prescription setting change (February 18 to May 17, 2017) with the 3 months afterward (May 18 to August 18, 2017). The multihospital Yale New Haven Health System uses Epic EMR (Hyperspace 2015 IU2; Epic Systems Corporation), and electronic prescribing is conducted through the EpicCare orders module. Analysis focused on the 3 hospitals that performed most procedures, including Yale New Haven Hospital (New Haven, Connecticut), Saint Raphael Hospital (New Haven, Connecticut), and Bridgeport Hospital (Bridgeport, Connecticut).
Study Population
To reduce confounding of complex hospital stays on the amount of analgesia prescribed, only patients undergoing outpatient surgery, defined as being discharged by postoperative day 1, were included in the study. In addition, pediatric patients (<18 years) and patients with missing data, including procedure type, date, and postoperative prescription information, were excluded. More than 1300 different coded procedures across 14 different departments were captured during the 6-month study period. To further reduce confounding of the multitude of different procedures, analysis was performed on a subset of the 10 most common procedures, which were the same in both study periods (Table 1) . However, to better understand the wider association of the default change, additional analysis of
Key Points
Question What is the association of lowering prescription defaults for postoperative opioids in an electronic medical record system with prescribing?
Finding In a prepost intervention study of 1447 procedures before the default change and 1463 procedures after the default change, lowering the default from 30 pills to 12 pills decreased the amount of opioid prescribed by more than 15% across an entire health system.
Meaning
Lowering the default number of opioid pills prescribed in an electronic medical record system is a simple, effective, cheap, and potentially scalable intervention to decrease the amount of opioid prescribed after procedures.
all outpatient operations was also conducted; in this analysis, operations were grouped by department of the attending physician performing the procedure.
Study Variables
Patient age, sex, race/ethnicity, insurance status, and procedure type were extracted from the EMR. In addition, patient history of substance abuse (alcohol, opioid, and other illicit substances) and chronic pain was abstracted from diagnosis codes in medical records because patients with these conditions may require higher doses of analgesia. 17 Prescribers were categorized as attending physicians, fellows, residents, and advanced practice professionals, which includes nurse practitioners, advanced practice registered nurses, and physician assistants.
Outcome Measures
The primary outcome measures were the change in the median number of opioid pills and the total dose of opioid prescribed per order before the default change and after the de- fault change. To standardize different formulations and types of opioids, doses were converted into morphine milligram equivalents (MME). 18 For reference, one 5-mg pill of oxycodone is the equivalent of 7.5 MME.
Prescription Refill Rates
Given concerns that reducing default opioid prescriptions may not adequately cover patient analgesic needs, we also compared the frequency of opioid prescription refills. A medical record review was conducted to determine if any additional analgesic prescriptions were written or if the patient returned to any emergency department within our hospital system for pain-related reasons within 30 days of the operation. Simple random selection of all patients in the study period undergoing 1 of the 10 most common surgical procedures was performed among the groups before the default change and after the default change. The sample size was calculated assuming a baseline refill rate of 2% based on reported rates 16 and an absolute minimal detectable increase of 8% to a refill rate of 10%. The rate of 10% was selected as the most conservative level clinically acceptable based on an informal survey of attending faculty at our institution (Yale New Haven Hospital). Using a 2-sided 5% significance level and 80% power, the sample size was calculated at 135 per group (total sample size of 270).
Statistical Analysis
Comparison of continuous variables was conducted using t test and of categorical variables using χ 2 test. Nonparametric analysis of continuous variables was performed using the Wilcoxon rank sum test. Linear regression was conducted to evaluate the change in the number of opioid pills and MME prescribed before the default change and after the default change. To provide insight into when prescribers changed their prescription away from the new default, multinomial logistic regression with 3 categories was performed among patients in the period after the default change; for each covariate, we compared either a dose increase (change to higher than default) or a dose decrease (change to lower than default) with the reference level of accepting the new default of 12. All regression models were adjusted for patient age, history of substance abuse, and history of chronic pain, as well as prescriber level and procedure type. Analysis was conducted using statistical software (SAS, version 9.4; SAS Institute Inc).
Results
Cohort of Patients Undergoing the 10 Most Frequent Procedures
Over the 6-month study period, there were 2910 operations among the 10 most frequent procedures. This represented 22.3% of the total 13 027 procedures performed in this period. Of the most frequent operations, 1447 (49.7%) occurred before the default change and 1463 (50.3%) occurred after the default change. The patient population was similar in age, race/ethnicity, and insurance status during both periods, and there were no statistical differences in the percentage of patients with a history of substance abuse or chronic pain (Table 1) .
Change in Prescribing Patterns
Overall, the median number of opioid pills prescribed per operation decreased from 30 (interquartile range, 15-30) before the change in the prescription default to 20 (interquartile range, 12-30) after the change in the prescription default (P < .001) ( Figure 1 ). The percentage of prescriptions written for 30 pills decreased from 39.7% (554 of 1397) before the default change to 12.9% (183 of 1420) after the default change (P < .001), and the percentage of prescriptions written for 12 pills increased from 2.1% (29 of 1397) before the default change to 24.6% (349 of 1420) after the default change (P < .001). There was also a significant increase in the number of prescriptions written for 20 pills from 12.2% (171 of 1397) before the default change to 19.6% (278 of 1420) after the default change (P < .001).
The results from adjusted linear regression analysis showed that the number of opioid pills decreased by 5.22 (95% CI, −6.12 to −4.32) per prescription after the default change when controlling for all other factors ( Table 2 ). The change in total opioid prescribed decreased by 34.41 (95% CI, −41.36 to −27.47) MME after the default change.
Factors Associated With Deviation From the New Default
Prescribers changed to a higher opioid pill count 63.5% (95% CI, 61.0%-66.0%) of the time, and the most significant factor associated with doing so was performance of total knee arthroplasty (odds ratio [OR], 4.68; 95% CI, 2.04-11.54 compared with laparoscopic cholecystectomy) (eTable 1 in the Supplement). Compared with residents, fellows were less likely to increase above the default (OR, 0.26; 95% CI, 0.11-0.57), and attending physicians had an increased odds of prescribing higher than the default, although this was not statistically significant.
Opioid pill counts were changed to an amount lower than the new default 12.7% (95% CI, 10.9%-14.4%) of the time. Patients undergoing less invasive procedures, such as cystoscopy and treatment (OR, 4.58; 95% CI, 2.31-9.06) and hysteroscopy and biopsy (OR, 3.53; 95% CI, 1.62-7.68), were more likely to receive fewer than 12 pills compared with those undergoing laparoscopic cholecystectomy. Total knee arthroplasty, which had higher odds of increasing pill counts, also had increased odds of lowering pill counts to less than the default (OR, 3.78; 95% CI, 1.07-13.38), showing that for this procedure prescribers were likely to change from the default in both directions. In addition, attending physicians were most likely to change prescriptions below the default compared with residents (OR, 2.54; 95% CI, 1.38-4.68), and advanced practice professionals were less likely to prescribe lower than the new default compared with residents (OR, 0.49; 95% CI, 0.27-0.89). There was no significant association of patient age, race/ethnicity, substance abuse history, chronic pain history, or insurance status with deviating from the default in either direction.
Change in Refill Frequency
There were no significant demographic differences between the sample before the default change and the sample after the default change (n = 270) selected to evaluate opioid prescription refill rates or in the distribution of surgical procedures performed (eTable 2 in the Supplement). The total amount of opioid prescribed among this random sample was similar to that in the overall sample in both the period before the default change and the period after the default change (Table 2) . Evaluation of prescription refill rates showed that there was no statistical difference in opioid refill rates before and after the intervention (3.0% [4 of 135] before the default change vs 1.5% [2 of 135] after the default change; P = .41) (eTable 2 in the Supplement).
Association of Lowering Pill Count Defaults With All Outpatient Procedures
Overall, there were 6461 operations before the default change and 6566 operations after the default change. The patient demographics and the proportion of operations performed by department between the period before the default change and the period after the default change were generally similar (eTable 3 in the Supplement). Outpatient procedures were performed by 14 different departments, mostly with the same proportions before and after the default change, with notable exceptions of an increase in medicine and plastic surgery procedures and a decrease in orthopedic procedures.
For all patients undergoing outpatient surgery, the percentage of prescriptions written for 12 opioid pills increased from 1.8% (111 of 6088) before the default change to 17.9% (1106 of 6188) after the default change (P < .001) (eFigure 1 in the Supplement). The percentage of prescriptions written for 30 pills decreased from 35.6% (2170 of 6088) before the default change to 17.0% (1051 of 6188) after the default change (P < .001).
Adjusted linear regression models estimating the number of opioid pills prescribed demonstrated decreases of 4.23 (95% CI, −4.81 to −3.66) pills and 26.82 (95% CI, −22.34 to −31.31) MME across all outpatient procedures after the default change (eTable 4 in the Supplement). Significant decreases in the mean amount of postoperative opioid prescribed were observed in 8 of 14 departments in the hospital system, ranging from a decrease of 14.7 MME in urology to 92.6 MME in neurosurgery (Figure 2 and eTable 5 in the Supplement).
Discussion
Lowering the default number of opioid pills prescribed in an EMR system is a simple, effective, essentially cost-free, and potentially wide-reaching intervention to change prescriber behaviors. Changing electronic prescribing defaults helped decrease the mean amount of opioid analgesia prescribed to patients undergoing outpatient procedures by more than 15%. When evaluating the association over our entire hospital system, the decrease in the amount of opioid prescribed during 3 months was the equivalent of almost 25 000 fewer pills of 5 mg of oxycodone distributed. In addition, lowering the prescription defaults required only a change in computer pro- 
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Association of Lowering Default Pill Counts in EMR Systems With Postoperative Opioid Prescribing gramming that was completed within days. The costs of this intervention included only the nominal technical support needed to activate the change in Epic EMR, making this a costeffective way to influence prescribing habits of health care professionals. The EMR change also immediately altered prescribing patterns throughout a wide range of departments across our health system with multiple hospitals. Most procedural departments had a significant reduction in the amount of opioid prescribed. Given the fact that electronic prescribing now represents the vast majority of prescriptions written nationwide, altering electronic prescribing defaults is an opportunity to not only influence multiple departments in a hospital system but also change practice patterns in health systems across the country.
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While the most common number of opioid pills prescribed changed from 30 to 12 after the intervention, there was also a significant increase in the number of prescriptions written for 20 pills. This likely represents prescribers who were influenced by the new default of 12 but believed that this was too low and increased their prescription to 20 pills, an amount still lower than the previous default. This can be attributed to "anchoring" produced by the new default. Well described in the behavioral economic literature, 20 anchoring reflects the idea that human adjustments of estimates are based on a given starting value. In this case, estimates of the number of opioid pills needed for analgesia were anchored around the default number of pills presented, and a new, lower anchor helped decrease overall prescribing. Residents are the least likely prescriber level to deviate from the defaults, and attending physicians are the most likely. This may point to the fact that residents are less frequently involved in the long-term outpatient postoperative care of patients and have decreased experience to drawn on in terms of postoperative analgesic management, causing them to more often use the defaults. In line with this trend is the fact that more experienced fellows are more likely than residents to deviate from defaults. In addition, prescribers may deviate based on the type of operation (especially for knee arthroplasty, with a particularly wide practice pattern for this operation), which suggests that procedure-specific defaults could be even more effective in altering prescriber behavior.
Concerns that lowering the default number of opioid pills prescribed would leave patients with insufficient analgesia were unsubstantiated. Our results demonstrated that the number of additional opioid prescriptions required by patients remained unchanged before and after the intervention and was consistent with the analgesia refill rates reported elsewhere. 16 This may not be surprising given evidence showing that even 12 opioid pills exceeds the needs of most patients after outpatient procedures. 16 This result, combined with the aforementioned anchoring association, suggests that an even lower default may be able to simultaneously provide sufficient analgesia while further reducing the amount of opioid prescribed. Future study is warranted to identify an optimal default setting that minimizes opioid prescriptions while providing sufficient analgesia.
The implementation of low prescribing defaults can be successful in areas where prior programs directed at the opioid crisis have found shortcomings. For example, there have been increasing regulations placed on prescribers to attempt to change prescribing patterns. Notably, legislative initiatives have limited the maximal number of days for which opioid prescriptions can be written. 21 However, proposed limits are commonly 7 days for acute pain, far longer than most patients will need. 16 Furthermore, a study 22 of physicians in Wisconsin demonstrated that a significant number are unaware of such laws, and analysis of prior legal restrictions of opioid prescribing have found that these result in minimal influence. 23 In contrast, lowering EMR prescribing defaults encourages the use of opioid amounts far less than 7 days' worth and required minimal additional dissemination of program information, which is particularly helpful in academic medical systems where new trainees are arriving every year and are not always prepared with proper opioid prescribing education. 24 However, health care professional education is still essential and can act synergistically with a default change because a low default can serve as a constant reinforcement of lessons taught.
Limitations
Our study has several limitations. First, this work reflects the experience of a single health system that benefits from a uniform EMR, and it remains unclear if these results can be reproduced at institutions where the EMR is not uniform or that use a different system. Second, while the findings demonstrate that this intervention has near-immediate results in decreasing opioid prescriptions, the study period was brief, and long-term follow-up is needed to determine if the changes observed are lasting. Third, this was not a controlled trial, and there are other unaccounted factors that could have influ- The departments are arranged in descending order by the mean decrease in morphine milligram equivalents (MME), and the 95% CIs are shown. The percentage change in MME prescribed is shown at the right. Specific prescription amounts by department are available in eTable 5 in the Supplement.
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enced a change in prescribing patterns. In particular, there has been ever-increasing awareness and media attention paid to the opioid epidemic, and 1 potential explanation for our findings herein is the continuation of a general trend in decreased opioid prescribing. However, analysis of 3 to 6 months before the intervention showed that opioid prescribing was essentially the same as the 3 months immediately before the intervention, which suggests that the decrease in prescribing was likely attributable to our intervention (eFigure 2 in the Supplement). In addition, opioid prescribing education was provided during general surgery grand rounds when the new default was introduced, which could have influenced prescribing rates; however, substantial decreases in prescription amounts observed in departments that did not receive formal education suggest that the default change had an independent association. Fourth, analysis of opioid refill rates was limited to those within our health system, and we cannot know for sure whether patients may have gone to other locations for additional pain medication, including other hospitals or primary care physicians not in our hospital system. Moreover, using opioid refill rates as a surrogate for sufficient analgesia may be an inadequate measure because some patients may not request opioid refills even if they continue to have pain.
Conclusions
Curtailing the opioid epidemic is a national priority and requires a multifaceted approach. Lowering the default quantity of opioid pills prescribed after procedures via an EMR system is a simple, effective, cheap, and potentially wide-reaching intervention that can be harnessed to help change the culture of opioid overprescribing among health care professionals. 
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